In this paper, we propose a fuzzy logic approach for the decision-making system of context-based livestock control system. The fuzzy logic technique is identical to human reasoning with intermediate logical variables. So in the decision-making system, the accuracy in the selection of the control system is increased by minimising the rate of loss. To increase the productivity of the livestock, the diet and health management are the notable factors. For this, two variable age and weight are chosen as the main factor in decision-making system to identify the possibility of control management. With the age and weight as input variables, the output variables are categorised as 'Maintain Diet', 'Change Diet Schedule', 'Need Health Checkup' and 'Ready for Sale'. The evaluation was done with the MATLAB fuzzy logic toolbox.
Introduction
According to IAASTD, with the increase in population, continuous economic growth and the shifts in human diets towards the meat consumption, the rise of animal stock is more evident. Therefore, the global demand for the meat increases each year, along with the desire for quality and quantity of the meat.
A common issue in the livestock farm that needs to be taken care is diet and health of the livestock. Frequent care is necessary to avoid any mishaps to the livestock's health. Automation of services is more popular in the context-based environment. In the automation process, the reasoning builds the understanding of the process rather than tackling it to the end (Pei and Yang, 2013) . For this reason, fuzzy logic is being used in many control services (Alajmi et al., 2011) . Many researches have been conducted for the decision-making system using fuzzy logic. Some of the researches in livestock include the fuzzy BMI, estruses detection, herd management (Santos et al., 2014) and so on. In this paper, a fuzzy logic method is used in the decision-making process for the control selection in the livestock environment. The proposed system mainly focuses on the diet and health management with respect to the increase in the livestock sale profit.
Background study
In this section, we have presented the background study of the livestock production system and the related technologies. First, the discussion involves the internet of things (IoT) and their role in the livestock services, followed by the exploration of the fuzzy logic technique. Finally, the related works that helped to optimise the framework is explained.
IoT in livestock service overview
Recently, IoT has gained enormous attention in various fields which are mostly incorporated with the ubiquitous computing (Gubbi et al., 2013) . IoT connects the physical objects with the web world, making it possible to access from anywhere around the world. The remarkable part of IoT is interconnectivity between the networks and context aware resources to provide smart services. Without exception, the livestock also gains benefits from the IoT by employing the automation in service oriented systems.
Most of the livestock farm has started to rely on the sensory devices that includes bio -sensors for reading the temperature, environmental sensors optimise the temperature, humidity and luminance inside the farm, pressure sensor to determine the food intake, weighing sensor and the RFID which stores the information of the particular livestock and also helps in locating the livestock. Many studies have been underway for automation of service and management in the livestock. Some of which include livestock monitoring (Frost et al., 1997) , estrus detection (Firk et al., 2002) , environmental control in livestock farm (Yul et al., 2000) , automation in the breeding environment (Liu et al., 2009 ) and even the automation of modern slaughtering (Purnell and Loeffen, 2006) . Zhao and Wang (2014) also prove the successful automation in the control services for the livestock and poultry production with wireless sensors.
Fuzzy logic technique
Development of control system has become more accurate and reliable in the recent days with the help of fuzzy logic as it handles reasoning more similar to the human reasoning. Instead of the true or false logic, the logic extended the possibility between the range of true and false. Instead of values, the input and output variables are always non-numeric which are called as linguistic variables.
There are two type of fuzzy interference system such as Mamdani interference system and Sugeno interference system. The Mamdani interference system is supposed to be the used widely due to its simple structure and the nature that uses the rule base. In many decision support applications, the guarantee the power, easy formalisation and interpretability of Mamdani-type fuzzy inference systems (FIS), while ensuring the computational efficiency and accuracy of Sugeno-type FIS. Mamdani FIS can be seen as a function that maps the system's input space into its output space ensures that there exists a SUGENO FIS that can calculate any given Mamdani FIS with a level of precision.
To compute the output of the fuzzy interference system, there are set of steps involved, which consists of, deciding the set of rules, fuzzifying, strengthen the rules by combining the fuzzy rules and inputs, finding the consequences, combining the consequences to get an output distribution and defuzzifying. The fuzzy combination is also referred as 't-norms'. A t-norm is a binary operation T: y, z, ∈ [0, 1] with the following properties:
The following are the important t-norms in the fuzzy logic:
1 Minimum t-norm (T min (a, b) = min{a, b}): It is mainly used in the standard semantics for weak conjunction.
The product t-norm is used in stand semantics for strong conjunction.
The functionality is similar to the product t-norm, where the pointwise is smaller than the product t-norm.
4 Hamacher product
:
It is the important representative of the parametric classes of the Hamacher t-norms.
The fuzzy logic technique is often used in the decision support system to obtain precise and meticulous results. It also increases the robustness in decision support system as discussed by Garavelli et al. (1999) . Dubois (2011) gives a brief view of the role of fuzzy set in the decision support, comparing both the past and present technique and the future direction of the fuzzy logic approach. The fuzzy logic system was first adopted into practice by Japan for the subway controller in Sendai. Later, it was used in many practical applications such as data mining (Ros et al., 2002) , medical diagnosis (De et al., 2001; Samuel et al., 2013) , power plants (Çam, 2007; Kocaarslan et al., 2006) and also used in fault analysis (Ganguli, 2001) . McNeill and Thro (2014) describes the practical approach of the fuzzy logic, which analyses the all possible applications and their benefits. Therefore, the study emphasises the fuzzy logic are more reliable for the decision support system. Some of the recent research includes fuzzy decision support system in environmental risk assessment (Camastra et al., 2015) , short-term load forecasting (Park and Park, 2014) , irrigation and water conservation for agriculture (Giusti and Marsili-Libelli, 2015) and speech recognition system (Jemai et al., 2015) .
Related works
In the recent years, IoT has been exploited to improve the communication between the internet and the sensory devices by linking them with the set of relationship according the domain of interest. The interest in wireless sensor network has increased considerably. Even though the wireless sensor network was developed for the military purpose, recently it has been used in various fields such as smart applications, habitat monitoring (Polastre et al., 2004) , health monitoring (Virone et al., 2006) , transportation (Losilla et al., 2012) and agriculture (Maraiya et al., 2011) . Massive adaptation of WSN has developed the interest in routing protocols. WSN is available everywhere, but it is impossible that there is a common routing protocol for all the applications. According to the scope, the routing methods in wireless sensor networks needs to altered. Many surveys have been undergone in the routing technique of wireless sensor network and classified according to location-based, data-centric-based, hierarchical-based, multipath-based and QoS-based protocols which were well illustrated by Goyal and Tripathy (2012) . With many kinds of routing protocol in practice, the recent researches (Azim, 201; Yoon et al., 2013) have been focused on the major concern, which is the energy awareness. Vowing to such advancement, the livestock environment also reaped more benefits in automation process that involved the context-based monitoring and control services. So et al. (2012) explains the monitoring of the livestock feeding and environmental management with the integration of ubiquitous computing. Similarly, Hwang and Yoe (2012) have designed a smart phone application to monitor the wireless sensor networkbased ubiquitous livestock farm and Ariff et al. (2014) discusses the design and development of UHF RFID reader antenna for the livestock monitoring. Other than these services, most of the studies involved disease prevention applications (Jeong et al., 2012; Kim et al., 2013) .
As for the control services, the environmental parameters were being successfully controlled by the sensory device such as sensor and actuators. But, the controlling other services such as diet and health was given less attention. In this paper, we have discussed the diet and health control services of the livestock through the periodic surveillance. In a stockbreeding farm, the main aspect that determines the diet and health of the livestock is weight and age. As the combination of the input variables differs in different range, we use a fuzzy logic technique for better decision-making services. Gabriel Filho et al. (2011) explains the fuzzy logic for the evaluation of the livestock slaughtering with the BMI value and Ramos et al. (2015) also discusses about the tool that classifies the animal for slaughtering with the length and weight of the livestock. Although we adopted the service, selection is made considering the slaughtering of the livestock, to assure the meat quality, the age of the livestock was taken into account, with the assurance of health aspect. 
Decision-making system
The three major control services in the livestock farm are environment, diet and health management. The environmental parameters are controlled by the sensory devices (Sensors and Actuators), whereas the health and diet management are controlled through the decision-making process with reference to the livestock slaughtering. A key point in the decision-making process to increase profit is meat quality, which signifies the health and diet of the livestock. Many researches have been made to improve the health of livestock and balance the diet with different approaches (Hamann and Krömker, 1997, Hessman et al., 2006; Valle et al., 2007; Johnson et al., 1998) . Although the bio-sensor play a major role in uprooting the epidemic disease in early stage (Kalluri et al., 2007) , the food intake with proper balanced nutrition is necessary for the bonded age. Thus, by examining the situation, the combination of weight and age can determine the health of the livestock, so that the diet or health plan can be changed to increase the meat quality. As permutation of the weight and age varies in different range, logical reasoning such as fuzzy logic is necessary for decisive results. In this paper, a fuzzy logic technique is used to identify the state of the livestock in the decision-making process.
The decision support process helps in the formation of the two major factors that happened to familiar. One day the exterior can be defined with the most appropriate way to defend the dark and prepare the most suitable way to exempt for the selection of the growth that imprinted to the error prone way to depend on the following section that lead to multiple different logical and physical data representations and forms. Providing a unified and efficient access to the Sensors and Actuators. More operation that cancels the most accompanying way to most of the sensors that pretends to be more appropriate way. The probability of the arrival on the merchandise to be eliminated in the t-norms.
In the selection of livestock for sale, there are two major aspects that need to be considered in the livestock stock market. One is the health aspect and another is quality aspects (Clottey, 1985) . Periodic health checkups are supposed to be performed to assure the condition of livestock health. In many rural places, the sick livestock is slaughtered for meat consumption. Such kinds of practice are prohibited as it may result in food poisoning or transmission of the disease. So, the health of the livestock is given most care. Even though the health check up is conducted regularly, there are genetic cases where the livestock does not gain weight even after passing the maturity (Bullock et al., 1993) . The quality of meat is usually determined by the weight and shape of the livestock. In other words, it is commonly referred to the meatiness of the livestock. Apart from this, the maturity of the livestock is also equally considered to be one of the factors to the meat's tenderness. Considering the above criteria, the age and weight of the livestock are discovered to be the common factor in the diet and health management. Therefore, the input variables for the fuzzy logic system was selected to be age and weight.
Method and analysis
The analysis was performed by the fuzzy logic system in the MATLAB 6.5 (Wang and MathWorks Inc., 1998) that implements the Mamdani inference system.
Input variables
With the development of the fuzzy logic system, the input variables can be categorised as 'Weight' and 'Age'. With the balanced diet, the weight of the livestock increases day by day as they age. Even though, it is apparent to have unexpected situations with each individual. A situation like livestock grow obese over some period, which can either be due to diabetes or obesity. So maintaining the weight with respect to age can be valued added to produce a quality meat (Warren et al., 2008) .
The fuzzy logic includes 11 built-in membership function types which includes piecewise linear functions, the Gaussian distribution function, the sigmoid curve, and quadratic and cubic polynomial curves.
1 Piecewise linear function (trimf, trapmf): The triangular membership function is the simplest membership functions that are formed using straight lines with a collection of three points forming a triangle, whereas trapezoidal membership function has a flat top to the triangular curve. The main advantage of these functions is simplicity.
2 Gaussian membership function (gaussmf, gauss2mf, gbellmf): It is a bell shaped function with smoothness and has an advantage of non-zero at all point. Therefore, it is popular for specifying fuzzy set. In this wide range of membership functions, the selection is performed according to the need of the system. In our paper, we choose the triangular membership functions, due to the simplicity and requirement of the system. As the calculation is done for the cows ready for slaughtering, the range of age and weight suitable for the sale is taken into consideration, which is one to three years and 400-600 kg respectively. Therefore, the linguistic intervals are selected, with respect to the age and weight of the livestock. The input variable of the age ranges between 1 to 3 years where the intervals are termed as 'Low', 'Mid' and 'High' as shown in Table 1 which adopts the triangular type function as shown in Figure 2 . The decision support system, not only helps to determine the livestock for sale, but also helps in the other services, so the interval of the age starts from 0-4, where the intervals helps in other services. The triangular type membership function has three parameters a, b and c, in which a and b locates the feet of the triangle which c indicates the peak of the triangle. The syntax for the triangular membership function is described as below: 
Similarly, Table 2 and Figure 3 shows the weight of the livestock is also divided as 'Very low', 'Low', 'Medium', 'High' and 'Very high' for which the interval ranges from 400 to 600 kg and the type respectively. 
Output variables
The output variable of the fuzzy logic system is the rate of production service that helps in the decision-making system of the livestock. On the scale of 100, the percentage of the output variables are equally divided and categorised as 'Maintain Diet (MD)', 'ChangeDietSchedule (CDS)', 'NeedHealthCheckup (NHC)' and 'ReadyforSale (RFS)' respectively as shown in Table 3 . For the output variables, the triangular type function is used as shown in Figure 4 . As shown in Table 4 , with the two input variables, the combination of 15 rules is written, where each combination of weight and age influence the service selection for better production result. In the fuzzy control system, the input variable is gathered with the logical operators (OR, AND) to form a fuzzy set. To be brief, the rules are created with an IF-THEN method for the selection of the control system. By mapping the two input variables, the basic rule can be described as follows: Table 4 Composed rules set for livestock service selection
When both the weight and age are high with a normal diet, then it refers to the livestock as a healthy livestock with the good meat quality, so the output variable is 'RFS'. As stated in the rule 2, if the weight is 'Very low' with age as 'High', it concerns the health of the livestock, so a proper healthcare is needed. Health related issue arises when the weight does not increase with the sufficient nutrition. Diet management services are selected during the weight loss and gain with reference to the age as shown in the rule 3. In other words, in spite of balanced nutrition and regular health check-up, if the gain of weight fluctuates randomly, changing the diet plan in these situations can help in regulating the upcoming health issues. If the permutation of the weight and age is within the range, then the normal diet plan is followed.
Scenario for the decision support system
To evaluate the certainty of the fuzzy logic technique, the sample data were used that consist of details of the ten livestock information as shown in Table 4 . The weight of the livestock is automatically read from the weighing sensor apparatus and the age of the livestock is obtained from the database or from the RFID reader on the other hand. A sample of ten livestock was used to test the efficiency of the fuzzy logic technique. With the two input variables, fuzzy logic model was generated and implemented in the MATLAB using the fuzzy logic toolbox. For the fuzzy logic technique, we use Mamdani's fuzzy inference method (Sivanandam et al., 2007) which is one of the first control systems that was built for the fuzzy logic. Mamdani inference method has been successfully used in many applications such as medical diagnosis (Übeylı and Güler, 2005) , decision-making (Petrovic et al., 2006) and management systems (Camastra et al., 2015) . After obtaining the inference results with the two input variables, the defuzzification process is done for the selection of services. As the scale of output variable ranges from 0 to 100 in the triangular type function, the percentage was settled on the same level. As discussed, rules for the defuzzification will be as described in Table 6 . Assuming the sample data are in the cattle livestock, the fuzzy logic technique is performed. The inputs, weight and age are calculated under impression that the livestock are nurtured with proper diet and periodic health check up. Figure 5 shows the simulated result of the Mamdani inference method for the livestock LSID0001. Using Mamdani inference method in the MATLAB fuzzy logic system, the simulated results are obtained for the before mentioned rule are shown in Figure 5 . In this simulation, the weight is 456.7 kg with the age of 2.6 years, resulting in the output of 47.8%. Since the percentage is less than 50%, after the defuzzification, the service selected is 'CDS'. To be more exact, linguistic terms of the weight of the livestock is 'Low' and the age is 'High' which result in the output as 'CDS' as per the rules table.
'NHC' service is selected at situation where the weight gain is too low or very high as with the livestock LSID0005. Figure 6 shows the simulated result of the sample data that includes the weight and age as 400 kg and 2.7 years respectively. 'NHC' services are chosen as the percentage of the output is 21.5%. Similarly, Figure 7 shows the service, selection of 'RFS' as the weight and age are more appropriate for the sale. The percentage of the output for livestock LSID0009 is 87.3% with the input of 550 kg and 2.5 years. Also, the possibility of the fuzzy sets is shown as a surface map in Figure 8 . The surface map helps to visualise the connection between input and output variables. According to the output value, the colour changes. Just like a temperature map, it is easy to visualise the low output values and high output values. Therefore, by applying the fuzzy logic method in the decision support system for the sample data, the result of simulated service selection is tabulated in Table 6 . The accurate decisions at the appropriate time is extremely important in the production management of the livestock service, whereas fuzzy logic, ease the issue with the accuracy and logical reasoning which in turn contribute the profit in livestock environment. 
Conclusions
In this paper, the fuzzy logic was incorporated along with the context aware livestock model for the decision-making in the control selection process. Age and weight are selected as the main aspects of deciding the selection of services in the view of selection of livestock ready for slaughtering. With the basic input age and weight, the set of defined fuzzy rules were formed. Test was carried out with sample data using the fuzzy logic toolbox in MATLAB. Due to the logical interpretation of the fuzzy logic, the prediction is accurate and trustful. For our future work, we are planning to interfuse the fuzzy logic along with the livestock ontology model to improvise the automation.
